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(54) Device and method Jor obtaining clinically significant analyte ratios 

(57) Disclosed ia a me*«xl tor determining the con- 
centration of an anafyte In a sample of body fluid. The 
rnelhnd involves contacting the body fluid sarnpla with a 
tout btrip containing mobile, labeled specific binding 
partnar tor khe analyte. through which slrip tf le testfMd. 
auaiyto acid any complex formed by interaction of the 
analyto and labeled specific binding partner therefore 
Can flow by capillarity. The sfrip contains at least one 
s-one lor captum al the labeled specific binding partner 
cutd al least ono separate zona for retention of the ana- 
lytolabeJod specific binding partner complex. By deter- 
mining the magnitude of the signal from the detectable 
label in the capture sone{5) and retention zono(s) and 
determining a linal roaponne signal by correlating sig- 
nal a using an algorithm and number of aonoa chosen in 
a manner that provider a final response signal beet 
Guitod for the particular assay, the concentration of the 
wafyta can be determiner! with greater precision. 
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Description 

flaclfflrpunjl .tbM«rA»ntijnn 

moon InmuTOchromatoorftphta strip formats have become increasingly popular for qualitative and semiquantitative 
S££ JESSfiSt dSJtoi schemes. This type of immunoassay feu*, .he *pUk>n of - ^Mnj* 
su^clS ol containing an analyte to be deleclcd to an application zone of an .mmunochromatog apn« tes strip. The 

- to £££STt^n So iScalten wno 10 « capture »n« « «riBGlri>l* gnal. or tf>Mnc« 'JT^'J^SJIS 

p?isrz^ 

K Sfe 2*0 pErW which bears th* ditacttUi label. In one such ^heme, as diseased m U.S. Patent 
rJ^T- to eStoaonttIM an enzyme label*, mobile binding partner for Urn analyte which is in a zone downstream 

form a ^coSoxS along he sbEp to a detection zone which contains a substrate lor the enzyme label 

« colored response In the presence of the enzyme laboL Trie strip may contain a zone ,n 
U 2 anSe il in^biliied so that labeled binding partner which does rot combine wfth analyte due to the absence 
3^£h£ * bo captured and thereby Inhttted from reaching the detection zone nit» have beer jp£ 
■Gtod^ous modifications ol Ihiclcchnlque, a n ol which invoke some competitive specific binding sy E ^ in wruch the 

" m^SStSS:^ the above described immunometric assay which detects the free labeled antibody » the so 
ratal sandwich bml in which tha capture zone contains immobilized anttocdles against an epitope of the analyte 
wh oh Sent ?in he apitopa to which the labeled antibody Is specifio. In this format, there is formed a sandwjch 
ol the analylo betweon Iho immobilized and labeled antibodie* and i! is Uioretore an immunometnc assay which detects 

Sor plding the tip* far detection of the annlyte. in U.S. Patent 4.806.31 1 there is closed a 
doZ for thecp G cifictolr4ig assay determination of an analyte and an immobilized tending partner therefore together 
with a capture zono far rowing labeled reagent which migrateo thereto from the reagent zone. The capture zone oon- 

« £ an immobilized form of a binding substance for Ihe labeled reagent. The labeled reagent bears a chemjcal group 
having a detectable physical property which is detectable on the basis of its own phyacal property so tout does not 
W$>\. chemical reaction with another substance. Exemplary of such groups are colored epec.es of fluoresces 
Dhoaohorescontmoli'cule*, radioisotopes and electroacfive moieties. _ 
[0004] United Slates Patent 4.703.017 describes theuse of visible particulate labels for the receptor. Vanous parbc- 

as ulfite labels such os gold bo] particles and visible dye containing liposomes are mentioned. 

[000S] In WO-9GV34271 there Is disclosed a dance lor determining a target analyto and creatinine m a fluid fast sam- 
ple which device has an assay slrip for the datodion of creatinine and a second assay strip for the detection of the target 
analyte. Trie creatinine concentration may bo determined colorimeirlcally or by the specific capture of labeled creatinine 
binding pnrtners. The cnncenlrntion of the target arwiyte Is corrected based on the sample's creatinine concentration 

« which correction can either be dona manually or by maans of a properly programmed reflectance analyzer. 

tooofil EP 0 462 376 A, dltcloces an immunochromatographic procedure in which signal at the capture site and the 
conjugate recovery silo of tho stiip are detected and the analyte concentration is determined by the kilensity ol the sig- 
nal at the capture site relative to the signal at the conjugate recovery site. Also of interest in this regard is U.S. Patent 

roo0vi 603 'lmmu.iochromatogr (1 phlc strip formats provide a viable system for the determination erf various analytes 
whether Ihey bo antigens or antibodlfla) but suffer from the limitation that thay yield results which are at best semi- 
quanlitntjvo when, for some analytes. mora precise, quantitative results are required Accordingly, it would bo desirable 
and it is an object of the pressnt kwanton to provide a moans for quantifying the results of analyses earned out by the 
use of imniunccnroinalographic strip formats. 

[00081 The present invention involves a method for determination of an analyte In a sample ol body fluid which 
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prteos tho steps ol: 

tt> praWcflng a teat UDp caniprislrtQ 8 matrix through which the fluW samplo can flow by capillarity, said strip having 
a I irct f ftrfon which coRtoim mohlla specific binding partner for Ihe ans*te which bindino partner bears a detecla, 
bla labal and can reant with Hie analyte to form an analyte/labeled bindlnrj partner complex, at least cno second 
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reaion which contains Immobilized amlyte or an Immobilized binding partner which is specific tor an 
S TS'nl hnn that to whldt tho labeled binding partner is specific, ai least one thud regton which contains 
mTSfto ^cartuSo ^olyt^abelod specific birring partner complex which is not bound m tho second region 
^ZSS^SSi means far producing a detectable signal the intensity of which corresponds to 
, SltS T* JZ Kyi* who,. conc.ntraUon I, **•» related to .hat of tt« an^e whose concentration ,n 
tho body fluid Is being determined; 

bl deeping Ihe mairfic by applying a sample ol a body fluid suspected of containing the first and second analytas 
t£t ffibT^rVaiXit «he lahded specific binding partner so that the analyte present .n the «uri 
"« swmb binds to the labeled specific binding partner to form a complex white leavmg excess, unacted labeled 

10 bl^p™^ 

acted bbelwl bindino pnrtner along ihe matrix by Molarity to the second region con airung the NiJMini 
Ktwhichre^^ 

ScSonttaiicn of «• first analyte inlhefluid test sample or is bound to the ™^"«*^ ,e * n *"°^*' 
,5 adi ect rel^tlonshlp to the concentration of analyte in the fluid test sample; and the labeled i^«Mai^ 

n«r which did not bind to the second region Is carried by capillarity to the third reg.on where .1 ic captured by the 
capture moaiw; 

d readino the second sotio of tfie developed matrix on an insirumanl having a detector capable of measuring the 
* 2SXe deteclnbfo label to determine the eoncontaUon of Ihe labeled binding partner in he second xone 
ondVcLng the third *ono of the developed strip In a similar manner lo determine the signal from the labeled bnd- 
Ing partner In lhu> Ihirxl zona ol the matrix; 

d) determining a final response signal by ratioing the donate from the labeled binding partner immobilized in the 
a second region and lha labeled binding partner captured in the third region; 

u) determining the concentration of the first analyte in the (arid sample by comparing the final response signal 
determined in step (d) with ilrul response signals determined in a similar manner for fluid samples contacting 
known ccmcorrtrariono of the first arialyto; 
m and 

11 correcting the concentration of the first analyte determined in step (e) by determining the concentrator! of the 
second analyte In the fluid test sample by measuring the Intensity of the signal In the fourth region of the matrix and 
converting this to a concentration value of the second analyte and then determining the ratio of the second analyte 
us to tho lira analylc whoso quantitative concentration is being sought 

PescrMco.oJUhA!DV.9>.tl<fin 

IO0O91 The present Invention is practiced by first providing the lest matrix through which the fluid test sample can now 
by capillarity. Typically, tfw matrix will be in the form of a strip through which the last fluid flows horizontally. While the 
matrix could bo assembled in a layered foimat through which the test fluid could flow vertically from top to bottom or 
vioa-verea, Ihe following discussion is focused on the preferred slrip format. 

[00101 The strip can be prepared from any matrix material through which the test fluid and an analyte contained 
therein con Row by capillarity and can be of a material which is capable of supporting non-bbulous lateral flow. Th« type 
of flow lo described In U.S. Patent 4,943.522 as liquid flow in which all of the dissolved or dispersed components ol the 
Ifauid are carried through tho matt" at substantially equal rates and with relatively unimpaired flow, as contrasted to 
preferential retention of ono or mora components as would be the case if Ihe matrix material were capable oi absorbing 
or imbibino one or mora ol tho components. An example of such a matrix material is the high density or ultra high i molec- 
ular weight polyethylene sheet material Irom Porex Technologies. EquaPy suitable for use as the matrix from wh.cn the 
chromatographic strips cm bo fabricated are bibulous materials such as paper, nitrocellulose and nylon. 
W01 11 VnriouQ ImmunochromalograpWc strip formats are suitabio tor use In conjunction with the present Invention A 
particularly suitable format la that which is disclosed In US. Patent 4.446,232 in which there is described a device tor 
the determination of the prosonce of antigens, which device comprises a strip of malrlx material having a first rone n 
which tho a are provided ftnmbflhad analyte and eniyme linked antibodies specific to ihe analyte to be determined. 
Tho labeled antibodies can flow to a second *©no when reacted with analyte introduced rnto the f.ret zone via the tost 
sa.nplebut w.H not so flow m the absence of analyte In the test fluid due to rheJr being bound in thaftrtragnn j -Inter- 
actta, with tho immoUlbad orialyto. Tho analyto is typically antigon although ha tarn* can * 
prramca ol antibodies as analyte. Modifications to thta format are disclosed In US. Patent 4,868.108. In anolhcr rrmd- 
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of capture b^nds can roduce the signal in this zona 

{0015) In genial, the crux of the present invention involves choosing a particular algorithm and additional capture 
and/or detection bands so as to alter Hie signal in such a way that it can be road with cheater precision by a reflectance 

meter, ... , 

5 {001 6J There are two st&po Invoh/ed In developing an appropriata algorithm. The first is to increase the signal to noise 
ratio to as high a level ospossye. The second is to define an algorithm which gasify fife; an equation so that accurate 
values for any analyto concentration may be obtained. Tlim its demonstrated by tho following study involving a strip con- 
taining) throe bonds (2 capture bands and one detection band). The two capture bands had different capture reagent 
concentrations with the first capture band having a 1 0-fold lower capture reagent concentration than the second. This 
1 to format demonstrates that different combinations and concentrations of capture and collection bands can be used 
depending upon the unique properties of each assay. Data were taken (representing N~1 8 tor each analyta level) using 
3 <(iftQront CLINITEK® 50 reflectance motors over a period of Z days. Table 1 shows tho Figure of Merit (FOM) differ- 
ences bfiitweon DPD lovols of the various band refl&ctance changes and the use of various reflectance changes and 
tho use of various algorithms. The FOM is calculated as (Avg1-Avg2)/(SD1+SD2) where Avgt and Avg2 are the mean 
is measured values for analyta level 1 and analyte level 2 and SD1 and SD2 are the standard deviations of the mean val- 
ues for ijinalylo te*vel 1 and anoJyte level 2. 

TABLE 1 
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[0017) In Table 1, Capture 1 is tho IR corrected reflectance data for the Capture 1 band, detection band 1 is the IR 
corrected reflectance dam for detection band 2, Cap1/Det1 Is (he K/S transformed data of Capture 1 divided by Detec- 
ts lion 1 and Alfjnr 1 hi: 

C/{Capture Band M Capture Bands) *ABS(2-C)J 
where 0 = 100*(1 + E(Detecltein Bands/EJFtearjant Bands)) and Total/Cap! as: 

40 

I (Ail BandsVCopture 1 

where AEJS reprosanls the absolute value of the number. In this illustration, the detection band performance decreases 
as fho OPD concentration incr eases, whereas larger signal changes are noted for the capture band. For any algorithm, 

*f$ the qgaI la to weight the reflectance values in such a way that the signal to noise ratio in the region most critical to the 
assay Is mnxlmiiod. Thlc can bo accomplished by use of FOM analysis and Algor 1 is designed to weight the differ- 
ences of the two capture bands higher at tow anatytc concentrations where this difference is greatest with that weighting 
Of the collection band over the total at higher analyte concentrations. The other goal of Algor 1 is to place this weighting 
in a way wNch allows fitting to a common four parameter fit used in many iinmunoassays. 

so [0018] The second step in algorithm development is to use an equation which can be easily fitted and give accurate 
nnaly te concentrations for In between values, While FOM ts a good method far distinguishing between two discrete ana* 
lyle levels, fl gives no Information about the shape of the curve. The host approach is often one that uses an analysis 
which mimics trio chemistry of the particular assay. For immunoassays this is often a Tour parameter fit equation. Tho 
lest for any fitted equation and algorithm is the use of random samples with various analyta concentrations and the cal- 

55 culation of the error (% CV) and bias. Tho goal is to seek the lowest % CV with minimal bias throughout the expected 
range of the assay. A comparison of the DPD results 0-250 nM^nM in urine for two lypes of analyses is shown in Tables 
2 and 3 for tho three band immunostrins used In this illustration. 
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TABLE 2 
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TK l 1 2»4 ! 1M j 3-2 I 2-a3 1 0-61 1 11.6 

TiB,! 1 3,0 ■ 17.8 i 3.1 I 406 i 1.06 i 26.1 
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T~73.S 1 9.25 ill3 10.3 i 6.11 S 0.7 t 11J 
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so TABLE 3 

TOtaWPl Results 
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0,7 I 2,47 J i 0,723 j Q.03 1 I j 



! 10 



I 25 



lo,7 t 2.34 j 22.0 , 0.663 j 2.2 I 0J6 I 25..S 

'2X4 | S.S 1 : 201 j 2.383 t 3 .93 I LIS t 3Q.0 

~$\.6'~TTSv * S.9 : L39S [ S.7S I 0.49 I g.S 

80,3 I 9.99 ? 12.4 I 5,33 I 6.29 I .905 i 14.4 



; |jj t g | 15,9 1 10 ; S,807 f 8.9S 1 1.05 i 11.7 
Plfo — "^205.6 I 31.1 ; 13.1 ■ -44 \1M I 1-22 j 16.6 



[001 9] From the data of Tafcta 2 and 3, it can be determined thai tor this parKcular analysis, the first algorithm has 
loss error, as measured by the % CV, at all DPD values. This aicampie illustrates the somewhat empirical method for 
finding a correct algorithm. Tfia chosen algorithm will be one which has the lowost error associated with it for a given 

4Q strip formulation and famwt and a fiiven clinical range far the analyte. 

[OOftOj AHor tho value tor the targot analyte has been obtained, the instrument uses the reflectance value at one or 
mors wavelenglhc of f he raaooitt pad for the second analyte to determine the concentration of this analyte in the fluid 
test sample, In tho case in which DPD is the target analyte and creatinine is the second analyte, the precision (ar the 
reliction of signal |o noice) is critfcaJ to the. assay for both anaiytes. Absent a high level of precision, the resting error 

4S will produce a tost which haa little metfical significance since as liitla as a two fold increase in the DPD/creatinine ratio 
occurs between tho normal and osteoporosis states, The second analyte is selected from those materials in the body 
fluid which ana clinically raided 1d th □ i iist analyte. ThB most notable example of a second analyte is creatinine, the end 
mdtHbclile whan creatine becomes creatine phosphate which is used as an energy source for muscle contraction, Tina 
creatinine produced is tillered by the kidney glomeruli and then excreted into the urine without reabsorption. In order to 

so Incraasolho sensitivity Of urinary assays and minimize tha problem of high urine flow rales which result In urine dilution, 
analyta/creatfnina ratios a/o used In urine protoin assays to normalize the urine concentration. Common creatinine 
assays includn tho alkalino Jaffa and Bsnodict-Behre methods which ora run at a hirjh pH. typically In tha range cf from 
11.5 la 12.5. More recently, there has baen developed a craarjnine assay in which tho urine sample is contacted with 
cupi'ic Ions ih tha pronanco cf eiirulo, a hydroperoxide and an oxidizable dye which provides a colored response in the 

ss presence of oxygen free radicals and a psaudoperoxido. This method Is more fully desenbed in U.S. Patent 5,374,561 . 
Creatinine quantitation may also be accomplished Immunologically as described in WO-96/34271. Those second cna- 
lytes whoso concentration In tho body fluid sample is clinically related to the concentration of the target analyte are not 
limited to creatinine in wino nor is urine tho only body fluid which can be assayed by tha malhod of the present inven- 
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lion. Thun, for example, the body fluid tested can bo whole blood, the M (lorgoQ analyte can be Hb A l£ ^«^J 
» 1^ bo to* hemoglobin since lha apparent concentration of HbA, can be fueled * ^ ^^^^ 
h moS concern Alton to factor out bias In the HbA 1fl assay. I.iulin, administered mtravenously ^ like creatine, an 
^ rSflS Kikw assays the first analyte can be total prolate specific arrtigen and the second 
S£ A««h* pair of whose concentrations are clinically related ar^lan.ne 

aStS iwpai tate aminotransferase (AST} *hich are widely distributed in human t« Both AST 

and AL? a nam U U"r7in human plasma, bil. and sail-. With viral hepatite and other 
Wale of AST and ALT nro elevated even before clinical signs at disease, such aa Jaundice, appear In toxic or viral hep- 
S ^ lhe ALT M * 9 ™ST ratio, which is normally <1, approaches 

* £con ^ AST concentra*on 5 increase after myocartfal «n thereby chang n fl 

*e "lio of these two pnzymee and ihair activity. Thus, clinically significant results can be obtained by determining the 
ratio of theao two anaiytas in serum. 

[00211 Many clinically significant Uget analyte* are present in urines and are determinable by means of the present 
LJoa Among these analytss are deoxypyridinoline (DPD), human serum afoumin. drugs o " 
flmlne^ibilumteoAaxsftine. dlnlcaUy Important protein markers such as prostate specific antigen, kdney disease po- 
tato* such a* laciatfl dehydrogenase. N-acotyl-B-D-glucosamindaae, pregnancy or fertility awaited .tonnanu such 
«t human chorionic gonadotropin, raliide-ctirnulating hormone and IMng hormone, markers of urinary vact Infec- 
tion such as Tamm-Hcrsfall protein or ^^polysaccharide, bota-2-microglcbul.n, amylase and chlamydial LPS, Drier* 
mini™ the ratio of ta AflrjQ to aseees infection can be accomplished by means of lha present invention. Correcting their 
absolute concentrations for variations in renal flow by ratioing these concentrations to observed crutaune concentra- 
tions increases the precision and accuracy of the measurements. 

100221 While the means for dueling the signal from the developed strip will depend on the detectable label attached 
tn to labeled binding partner, tho use ol a reflectance meter Is typical when the label's detectable physical property Is 
Iho reHwlaiwo erf light at a predetermined wavelength in the visihlo or inlrared region of the spectrum. In a preferred 
embodiment, there is provided a rsriecUnce molar with means for moving tho strip or the motor's detector element r* 
rlive to each other such as by use of a epecimon t&biefor tho strip which can be moved laterally under the readhead of 
Iho detector. This technique will t^sist in providing accurate quantitation for regions of the strip which may notnave 
been procicfjly located with respect 1a the detection means of the reflect meter. Mora specHicaJly, the location of 
the strip relative to tho dtttector can be under microprocessor control, go that tho reflectance from the second, third or 
co lourlh regions of the strip, and Individual bands within these regions, can be individually determined, 
[0023] The method of practicing the ores&nr. invention is mora fully illustrated by the following examples: 

!?Kan?£l!Lt 

J5 I0024I A taLt atrip tor the determination of creatine and deoxypyridinoline (DPD) containing six distinct areas assem- 
bled together onto a polystyrene backing of 4 inches {101 ,6 mm) in length and 0.2 inch (5.0 mm) in widlh is illustrated 
by Fta. 1, Referring to Fig. 1. area 1 l« the creatinine pad with a size of 0.2 x 0.2 inch. The creatinine pad was prepared 
r<s loHcws lo render it suitable for the colorimetrki determination of creatinine: Whatman 3 mm filler paper was first 
Vdrtftd by dipping U to a depth of 0 ?. Inch Into a soPulion containing 30 mM copper sulfate. 50 mM citrate, 750 mM glyc- 

40 erd-a-phosphnle* 0.2% haxano sulfonic acid, 50 mM phytic acid and 0.2% sodium dodecyl sulfonate (SDS) at pH fi.94. 
AftPT di ving. tr»o ctrtp was dipped into a solution containing 33 mM a.a'^.SMetramathylbenzidine, 73 mM diisopropyt- 
banaeno dihydroporoxide, 63 mM triibopropanolarnine borate. Q.S% plaaonde and 0.03^% ethyl orange. The intensity 
of tho colored recpense produced when the strip is contacted with an aqueous medium containing creatinine Is propor- 
tionate to the concentration of creatinine. Area 2 is the buffer pad, prepared by impregnation of Whatman giass 

as fiber wifh 0.5 to 1 M glycine and 1 75 to 350 mM uraa and having a size of 0.2 x 0.5 inch (15.7 mm). The buffer pad 
sarves tho purposa of buffering tho pH of urine samples to the desired value, For example, tha pH of urine can range 
from 4 B ta 8 and a buffer pad can be used lo keep the samples at a pH >7 to «avor the antigcn/anltoody bonding reac- 
lion. 1 here is aO. 1 inch [2.5 mm) gap between creatinine pad 1 and buffer pad 2 for purpos as of isolating the creatine 
reagent from the buffer pad reagent. Area 3 is a gold sol-DPD antibody pad (first region containing a labeled binding 

so partner ^pocifie for the anuiyte). Areas 4 and 5 are tha hnmunochromatography development area where the capture 
and detection reagents ara dapo&rted onto one piece of nitrocellulose having a size of 0,3 x 1,25 inch (31 75 mm). Area 
4 contains throe capture bands (second rogion containing immobilized anaJyto) with DPD immobilized to carboxyf ler- 
mfnateci polyethylene glycol with a band width of about 0.059 inch (1 .5 mm) per band and a 0.2 inch space between the 
bands (from center to eatfor). At 0.2 Inch from the center of the third capMra band is area 5 consisting of one antt-tgQ 

ss colleciion band (third region far immobilizing unreactod labeled binding partner) with a band width d about 0.059 Inch 
(1 .5 mm). A1 0.2 Inch above tha collection band is tho absorbant pad 6 which selves lo absorb the liquid which migrates 
from the nitrocellulose are.i of this strip having a size of 0.2 inch x 0.5 Inch (12.7 mm), 

(00213) To perform the assay, the felrip was dipped into the test solution, i.e. a urine sample containing the DPD analyte 
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to he dm****, far a ewrnd* to a depth such that only the creatinine zone and buffer pad 
ha tart solution which aRowed tho teat solution to how up the strip by capillarity thrash the capture bands of *e cap- 
Ee £ta ff SSa band of ttu) detection re 0 ion ami to the absorbant pad. At the end of the 3 second dip the slnp 
wu oiS,d t*a of a CLINTOK* SO reflectance spectrometer and the dwfcA *M buttoa press* Th- 
SSo P^d renounce was record* at 3 minutes and lha reiiadance of tha immune DPD ^ liU 4 bands was 
mWerl aivJ recorded at 3 rrdraite* Baf lectanca signals for the DPO assay were measured with IR and Qraen fitters 
*h* & as reactance tor the creatinine assay was measured using red and ereen fitters. The device divas a response in 
dfttodti values which Is ijeiived by equations 1 to S. 

Equation I 

Decode for Creatinine - £RJ green 

[RJred 

where [RW fs tho reactance measured with ths green rttsr. [RU is tha reflectance measured with the red filter. 
[0026] For tha OPD assay, the band response signals ware desirjnated as indicated in Table 4. 

TABLE 4 

Band signals Designation for DPD Assay 

Type Designation 
Capture band 1 PI 
Capture band 2 P2 
Capture b^nd 3 P3 
Collection band 1 ?4 



The rtflecbince with the green fitter is rutioed to the reflectanco with the IR later to reduce the error from tho variations 
between strips such as height and surface variations. Tho reflectance at the IR wave-length remains -fairly constant 
40 rogardlfKS of tho gold sof intensity of the band. Tho corrected reflectance, [Rn]. is calculated according to Equation 2. 

Equation 2 

[Rnl^ x 65 



#7 



[Rn] = - 

[Rn], 



where n is the band mirhber 1 . 2, 3 or 4, [Rn]g rflfin is the ref laclance of band n with green filler. [Rn] tn Is the rat loctance 
of bond n wilh IR filter. The number is lha assigned corrected reference value since the % reflectance with the In 
Hilar Is about 66%. ^ J . t ^ t , „ . . . , 

[0027] The IR corrected reflectance value, [Rn], Is then converted to K/3 according to Equation 3 to give tho band 

flf response signai far each band: 
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Equation 3 

(1 - [nn)) z 

Band Signal = Pn = 



2 x [Hri] 



10 

whore band signal, Pn, Is the K/S transformation reflectance value, [Rn], 

[0028] The ravens* decode of each hand is finally computed according to Equation 4. 



1$ 



Equation 4 

T 



Opcode for DPD assay - 

20 P l 

where T Je ihe Gumma lion of tho band signal for all bands (Equation 5). 
& Equation 5 

T = Z Pn 

30 " * 1 " * 

where N is tho total number of capture bands Rod coflection bands which is 4 in Ihe present example, Pn Is the hand 
signal n and n Ifi 1 , £, 3 or 4. 

as fOuZSJ Standard curves tor DPD and creatinine were generated using calibrators containing six levels of analyte con- 
centrations. Examples of etarsdard curves are shown In FiQ, 2 lor the DPD assay and fig. 3 far the creatinine assay. TTie 
DPD and cmatirtino concentrations for tho urine test sample were calculated from the DPD and creatinine standard 
curves respectively. The DPD/creatinJne ratio in nMMiM was then calculated far urine sample A as per the following Cal- 
culation: 

40 

DPD concentration catenated from tho DPD standard curve - 123 nM 

Creatinine concentration calculated from the creatinine standard curve = 10.2 mM 

*? The DPD/crcAlinine ratio ~ 1 23 nM/10.2 mM = 12.1 nM/mnv 

[0030J The cutoff for determination of a state of high bone resorption is q DPD/crealinine ratio is 7.4 nM/mM. Lower 
than 7.4 is normal and larger than 7 A Is at the statu of high bone resorption. Therefore, in this example, the r B sutt indi- 
cates a state of high bone sorption. A second urine sample was analyzed in a similar manner and gave the following 
<m resufts: 

DPD concantraiion - 123 nM 
Creatinine conconUctfion 20.3 mM 
DPD/CreaGning ratio - (3.0 nM/mM. 



Although the DPD concentration is the same, the ratio of DPD to creatinine Indicates a stato of low bone resorption. 
[0051) Rva runs wore made using the above procedure with urine samples containing varying amounts of DPD and 
creatinine, Tho ejected and observed ratios as well as standard deviations, % coefficient of variance and positivamQg- 
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alive biases are set out in Table 5. From two 6 it can b* determined that a precision of less than 12% CV was obtained 
atHiroo levels. 4,52. 7.54 and 12.07 nM/mM erf DPD to creatinine, 

TABLE 5 



/5 



DVD/Creatinine Assav Performance 



Average "/■CV 



U.9Vo 











4JZ9 


O.SO 


it. fl* 


-0,23 


7.59 


O.S9 




0.Q5 


12.0V 


12.04 


1.28 


H,5% 


-0.03 



30 



3S 



[0032] Whila th-3 gold sol (abated antibodies are visually observable in the captura and collection zones of the strip, 
cfcfcrily meaningful rttulh are obtainable only through the use of a reflectance meter. This Is the case because of the 
use of multiple bonds across lhA entire length of the strip. In addition, the band slgnate require reflectonco measure- 
ment nt different wwlungilw (IB, green and red) using an instrument with the capability to measurg and record the 
reflectance at these wavotangtha. TTi© reflectance measurements are ratiood based on a predetermined algorithm 
ucing the instrument's software. Furthermore, the analyte concentrations are determined using standard curves stored 
in the Instrument and the DPD/creaiinine ratio is computed using the software set up in the instrument. 
[00331 in the above example, the find response signal (decode) for the DPD assay was determined using the algo- 
rism decode * [TVPn| whew T in tho summation of the signal Irani ell four bands and Pn is the band signal of band 1. 
The use of this algorithm enhances the accuracy of the assay because raboing the band signal minimizes the system- 
atic error such as error Introduced by instrument to instrument variation. Other algorithms may be used to determine 
thfl final response signal T)ie response signal In this example wqs determined as: 

Racpcnce Signal [T/Capture Band 1] or [TIP,] 

whef o alt band signals af a K7S transformation reflectance values and T is the summation of capture bands and detec- 
tion bands. , , . . 
[0034] The acrvnntagea of using band radioing is demonstrated by the data ol Tables 6 and 7 from which it can be 
determined that in a precision with which the strip can determine the concentration of DPQ is much greater than that 
which Is oblafnnbld when using only the signal from the capture zone, 



50 



55 
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T ABLE 6 

espouse Signal = Band Ratioing Algorithm [T/PJ 



Exoecusd 1 




Recovered 




DPD/CR 
rvM/mM 


DPD/CR 
riM/rnM 


SD 




4.15 ] 




0,53 


12.5 


8.09 


3,10 


0.28 


3.5 


10.37 


10,44 


1.16 


in 



no 



TABLE _7, 

Response Signal - Capture Zone [P,] (no band ratioing) 



?XD*Cttd 


Recovered 




DPD/CR. 
nM/mM 


DPD/CR 
rvM/inM 


SD 




4,t5 


2.*4 


4,1 


144 


3.09 


7J4 


0.46 


6.0 


10.37 


10,99 


2-0 


18J 



m (00351 Alternatively, H is final response signal can be calculated as 

Response Signal = [Detection Band/Captura Band] 

whore all band 5 i 0 nals are K7S transformation reflectance values. Aflarnatively. whan the strip contains multiple capture 
hands and detection bands, tf 10 final rasponsB signal can bo calculated as: 



40 



[Capture Band VPetacSon Band i] 

whore all signals are ICS transformation reflectance values. Another method of calculating the response signal involves 
45 using Iho algorithm: 

Response Siana! « (W^ * Capture Band l/W^ ' Oeteolion Band] 

whore all band signals are reflectance values and the W ettp and W d „ are weighting functions whlc :h i weight the n^ure 
» bands and detection band* difterenUy. Thus, a large number cf nlgorithms can be usad to detarm.ne the final responsa 

fSl 7na calculation c-f the response signal by rowing tha signals from the labelad binding partner immobilized In 
the second (caulure) region of the sir ip and the labeled binding partner immobilize in the third (deletion) rogion * a* 
i«U to increasing the precision of Iho a.s.ny by reducing Ihe signal to noise ratio. This enhanced praetor. ,s n^sary 
ss lor Ihe test to haw clinical sirjnificance since only a two-fold increass in the DPD/creatwtna ratio cccura between the 
normal and dlsoaso indicating osteoporosis stales, 

(00371 Fu. trior evidence of the Improvement in analytical results that can be achieved by the prasart Invenftoni « pre- 
sented in Tables S-10. ThssH table wore prepared using Iho same data set but 3 different slgonthms (fJ/Pd wrth band 
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ralioino, % reflectance offirst capture band with no IR correction and no band ratiolng and % reflectance of first capture 
band Vtfllh no band ralioing but with IR corroclion) are compared. 

TABLE B 



Perfo nuance Using t?/?t) Band Ratioing Algorithm 



10 



. 

l %cHH ' 



I V.9 



31 



1 33- 



T" 4.1 4.1 I 0.7 I 1671 I OlOI I t.97 



1.1 



l H6 t f"i To t Lift d.13 I &.1X * 117 I 13.1 I 0.6 1 3-T7 1 7J»* I HJi 



TSl TTff^T^ I S.W l'-i.H I -3.11 } 11,4 I 12.4 ) 0.9 I 417 ' * 



I271B * 117 I 4.61 t Q.T< 



» 



»u 1 JSL54L 



a2t < 



lew i i u i io.hi rot 



wtfe: (he nnrt l*v*t w*» uicludcd in the roan calculator 



£0 



2S 



ft? 



40 



4S 



50 



12 

Received from < 1 978 341 0136 > at 8/14/03 4:32:54 PM [Eastern Daylight Time^-x- version: 1.03 .0002 



AUG- 14-2003 THU 04:19 PM HBSR 



FAX NO. 1 978 341 0136 



P. 16/21 



EP 0 895 034 A2 

TABLE 9 

Performance using %R of capture Band 1 
With No Band Ratioing and No IR Correction 



ID 



IS 



D2 



5* 



7J_ 



14> 



I 6<>,7 



_Lla£3*iL 

id I %CV I El** * %IMm .L r * riQ > 



10J 1 131161 Q,3>I_ 



4 \ 



2.9 I 4 ] 1 143,1ft 1 '1.30 



1.9 * fll ♦ 41.11 I 024 



46 



4.60 I -1.10 1 -1.31 i ' 1 



? 9 I 0.! 



6J3 I ,0.19 



10.7 



:t,7 



10 « 9.12(0*6 




1 *6 



1 &4.3 1 17 7 t 10.41 HO-TOI -3.19 1 



10.0 i I & 



10.13 I -0 44 

14.40 I -0 3 7 ■ -1.36 I 



1 L11 



> .1.40 



\r.: rurt Icvti wai excluded m uit mem cai oilman 



20 



TABL E 10 

Pa^fonnance Using %K of Capture Band 
With Ko Band Ratioing But With IR Correction 

3D 



1 2*be0*4 I 






1 




1 


HVD/CB. kM/riM 








1 it 1 %4TV | Uu 1 








■4 1 


%CV | »u 1 




U 1 


7.4 


1 \tL\ I 134.491 -1-40 1 


1 


4,1 


LI 


4.1 1 


144,41 1 -1,36 \ 




13 


31S 


1 11.4 1 34.34 f 5,10 1 


17.11 i 


1.7 


1 2.0 


0.7 t 


UK i 0,34 1 


10J3 


n 


41L1 


| 1.4 ) J,Ai 1 .3.30 i 


-4.62 f 


LI 


k 7.7 


1 0.3 


444 1 439 1 


-4.U 




1 116,* 


1 1.1 l 4,117 1 4-W ! 


6,11 i 


io.t 




1 LI 


5,45 1 U4 1 


4.0* 


165 


13B.I 


t 14.0 1 LOlIH -*.tt » 




11.4 


1 11.9 


i 0.9 


7^4 t -0,54 \ 


-*.3» 


1ft 


1 ZU.1 


1 4*4, 1 K<* 1 P.1D i 


1.02 t 


10.4 


. u.o 


1 10 


till 1 0,43 ( 






1 


t IM» 1 I13t 1 1 


4M t 




1 




1444 I 1 





Claims 

* 1 . A method tor doler mining the concentration of an analyle in a sample of body fluid which comprUsw tho steps of; 

a) providing a toot matrix through which Lha fluid sample can flow by capillarity, said strip having a ftrj&l region 
which contains mabilg specific binding partner tor the analyte which binding partner bears a detectable label 

so and can react with lha analyttj to form an analyta/labelad binding partner complex, at least one second region 

which contains Immobilized analyte or an immobilized binning partner which is specific for an epitope d tho 
analyte ditforcnl toan that to which the labeled binding partner is specific, al least one third region which con- 
tains meanvs tor capturino Uie analyt a/labeled specific binding partner complex which ia not bound m the sec- 
ond region and a fourlh region which contains means for producing a detectable signal tho intensity of which 

ss corresponds to lhe levei of a second analyte whose concentration is clinically related to that of the first analyto 

whoso concentration Is being determined; 

b) davobpho tho matrix by applying a sample of a body fluid suspected of containing the first and second ana- 
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Mm ihaiato thereby ata*^ it to contact the labalod specific binding partner so that analyte present in the 
fluid cample binds to the labeled specific binding partner to form a complex whila leaving excess, Reacted 
Hbeled binding partner No to further react whereby Ihe llufcfl sample carries the analyta/Iabeled binding part- 
ner complex and unrooted labeled binding partner along the matrix by capillarity to the second region contain- 
irtcj the UwbMied enalyte in which region unreacted labeled binding partner is bound to the immobilized 
anaf yra in Inverse relnUcnfthip to the concentration of the first analyte in the fluid tost sampl a or is bound to the 
immobilized specific binding partner In a tfrect relationship to the concentration of analyto in the fluid tost sam- 
ple; and tho labeled Lpeciflc binding partner which did not bind to the sacond region Is carried by capillarity to 
Ifie third legion where it Is immobilized by tha Immobilization means; 

cl reading tha second region of the developed matrix on an instrument hAving a detector capable of maasurinrj 
the cJgnal ton tl io detectable latiol to ddermine me concentration of the labeled binding partner n the second 
tone end reading tho third zona of the developed strip in a similar manner to determine the signal from the 
labeled binding partner in the Ihind *one of the mairix; 

d) determining the final response signal by ratiolng the signals from tho labeled binding partner captured In the 
second region and tho labalod binding partner immobilized in the third region; 

e) determining the concentration of tho first analyle in the fluid sample by comparing Ihe final response signal 
20 determined in olop d with final response signals determined in a similar manner for fluid samples containing 

known concentrations of the first analyte; 
and 

f) correcting flm concentration Of first analyte determined in step c by detenrining the concentration of the sec- 
* end analyte in the fluid tea! sample by measuring the intensity of the signal In the fourth region of the strip and 

then determining tho ratio of tho second analyte to tho frsl analyte whose quantitative concentration is being 
sought. 

2, Tho malhod of Claim 1 wherein the body fluid Is urine, whole blood, plasma, serum, sweat or saliva. 

3, Trig method of Claim a whoroin Ihe body fluid is whole blood, the first analyte is HbA lB and Ihe second analyte is 
total hemoglobin, 

4. Tha method of Claim ? wherein the body fluid Is serum, the first analyte h transerrin and the second analyte is 
as trandor ring-li on binding capacity. 

5. The method of Claim 2 wherein tha body fluid is urine. Ihe first analyte is a urine borne substanca and the second 
analyle Is a material whose concentration le a measure of renal clearance, 

*o 6, Tho method of Ctolm 5 wherein the second analyte is creatinine or inulin. 

*A Trie method of Claim <3 wherein the first analyte is deoxypyridirioline, human serum albumin, amphalaminee, bar- 
btluatec, cocaine, prostate specilic antigen, lactate dehydrogenase, N-acaryl-B-D-ghjcosamindase. human chori- 
onic; gonadotropin, follicle stimulating hormone, lutenlzing hormone, Tamrn-Horsfall protein, ^polysaccharide, 
bcta-2-microgfobulin, amylase and chlamydal LPS. 

8. The method of Claim 2 wherein the body fluid is whole blood or serum, tha first analyte is total prostate specific anti- 
gen and the second analyte is free prostate specific antigen, 

& d. The method of Claim 1 wherein tho first analyte is alanine aminotransferase and the second analyte is aspartate 
aminotransfarasa. 

1 Q, The method of Claim 1 wrwoin tha matrix is in the term uf a strip through which tho fluid sample (lows horizontally, 

55 1 1 , The method of claim 1 Wherein tho socend region of the tost matrix is divided into 3 discroto bands, the third region 
Is a singlo band and the linnl response signal is dotormined by solving the equation; 

Response Signal « (T/PJ 
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where Tia tha summation of tha signal from all four bands and P 1 is the first band of tha second region. 

1 a. The method of Claim l wherein the second and third regions of the tort matrix are dh/ided into multiple capture and 
detection bands respectively and the final response signal is delermined by solving the equation: 

Response Signal » Capture Band 1/Dctcction Barxi 1 

wharo capture band 1 is tho signal from the first band of the second region and detection band 1 Is the signal from 
tha first band of tha third region. 

13 The method of Claim 1 wherein ihe stfp Is read by use of a reflectance meter which is equipped with software 
which is preprogrammed with tho appropriate algorithm for the determination of lha final response sfcjnal from 
reflectance signals recoive<I from tha first and second regions and for the domination of tho concentration of the 
-econd an&lyle from tha reflectance signal receded from the fourth region and for the determination of the ratio of 
is tho concentration of the second analyte In the sampl e of body fluid to the concentration ol the first analyte to deter- 
mine tho corrected concentration of the first anaJyte. 

14, A method for the detection ol tha concentration of an analyto In a sample of body fluid which comprises 

»o a) applying the body fluid to a rnirilfcwned strip having a first zone which contains mobile specific binding part- 

nor for tho analyte which binding partner bears a visually detectable label and can react with the analyto to iorm 
an nnalyle/bbeled Specific binding partner complex, at least one second region which contains Immobilized 
analyto or an immobilized binding partnar for an epitope of the analyte different than that to which the labeled 
specific bindino partner is cpociHc and at least one third region which contains moans for capturing the ana- 

ss lytti/l?ibeled specific Ending partner complex which hi not bound in Ihe second region; 

h) determining the amount of labeled specific binding partner captured in the second regions) by means of a 
reJtectance meter which is able to detect reflectance at a wavelength at which the visible label reflects light and 
(lolorminmg tha amount of analytG/laboJed specific binding partner complex is Immobilized in the third rogion(s) 
$o in a similar manner; 

c) determining a linal response signal by ratioing the reflectance signals from the labeled specific binding part- 
ner captured in the second reglon(s) and the labeled binding partner Immobilized In the third region(s) using 
an algorithm and a number of second and third regions chosen In a manner which provides a final response 
signal that can be read with enhanced precision by the reflectance meter; 

d) determining the concentration of the analyto by comparing the final response signal with final response sig- 
nals delermined in lha same manner for body fluid samples containing Known concentrations of the analyte. 



40 



IS, Tho method of Claim 1 wherein tho second region of the strip is divided in to 3 bands, the third region is a single 
hand and tho final response signal it determined by solving the oquation: 



Response Signal = [T/P 

4S where T is tho summation of the signal from nil four bands and Pi is the first band of the second region. 

16, Tho method ol Claim 1 wherein the second and third regions of the lest strip are divided into multiple capture and 
detection bands respectively and the final retponsB signal is delermined by solving the equation: 

SO Response Signal * Capture Band 1/Dotection Band 1 

where capture band 1 1s the signal from the first band of the second region and detection band i Is the signal from 
the IrrGtband of the 6?cond rogjon. 

ss 17. The mothed of Claim 1 4 wrwrein the strip contains a fourth region which contains maans for producing a visually 
detectable itonal, the Intnnshy of which corresponds to tha level of a second anafyto in the body fluid whose con. 
ceniration la clinically related to that of the analyte whose ooncsniratian is being determined and wherein tho final 
response slgnrd hi corrected by determining the ratio of the analyte whose concentration is being sought to the sec- 
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om1 analyte. 

18. Thti method of Claim 1 v-harsin the body fluid is urtne and the analyte is deoxypyridinoline. 

19. Themrthod of Claim 17i*a^^ 
nnalyta lo a material whose concentration Is a measure of renal clearance. 

20. Tho method ol Claim 5 wherein Vie second analyte is creatinine. 
n,» «■>< riftim 14 wherein the strip is read by usa of a reflectance meter which is equipped with software 

2X55! if^l^!^ d -*"*»*" response 6i9M from * B 

rmiectancB uigruilo recdv&d fiom the second and Ihud regions. 

32 The method ol Claim 21 whorein the strip contains a fourth region which contains means lor prochjcing a specfro- 
« SSSSiSS^ tho intensify of which corresponds to ft. leve. of 

Vincflntratlon is clinically related to that of the analyte whose concentration Is being determined and the 

rSeS o,i thorefLionlrornlho fourti> roojon ami far the detention of ih* ratio of the concerto 

20 rectod concentration of the *M analyte, 



s 
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FIG, 1 
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